A simulation model for the incidence of dengue is presented, including symptomatic and asymptomatic population, vertical transmission of the virus in the vector and dispersion of the carrier vector of a serotype of virus, as a source of disease propagation in an endemic population. The interpretation is done using ordinary nonlinear differential equations and the forces of infection are modeled following the negative binomial distribution with the dispersion parameter of the infection given by k, indicator of the level of agradation of the pathogen. The basic reproduction number is determined and calculated for different cases of k and the analysis is finalized simulating the dynamic system that interprets the process.
Introduction
The incidence of dengue has increased dramatically in the last decade, to such an extent that the disease has become endemic in more than one hundred (100) countries where more than 2.5 billion people are at risk of acquiring it. It occurs mainly in tropical areas of Africa, the Americas, the Western Mediterranean, South East Asia and the Western Pacific. The prevalence of dengue is associated with its main vector, the mosquito A. aegypti [1, 2, 3, 4, 5, 6] .
The etiological agent of dengue is called dengue virus and the International Committee of Virus Taxonomy (ICTV) recommends using the abbreviation DENV to refer to it followed by a hyphen and a number depending on the serotype in question (DENV-1 to DENV-5). This virus is located in the genus Flavivirus, which in turn is part of the Flaviviridae family. This family includes more than 70 viral agents, of which at least 30 cause important infections in humans, among them we can find the yellow fever, West Nile and hepatitis C viruses. The denominations Flavivirus and Flaviviridae derived from the root Flavus, which in Latin means yellow and was originally associated with the yellow fever virus, a prototypical member of the genus Flavivirus [1, 2, 3, 4, 5, 6] .
The different serotypes of the dengue virus are transmitted to humans by infected mosquitoes Aedes, mainly the A. aegypti. This mosquito is a tropical and subtropical species widely distributed around the world, especially between latitudes 35ºN and 35ºS. These geographical limits correspond, approximately, to an isothermal winter of 10ºC.
A. aegypti is one of the most efficient vectors for arboviruses, because it is very anthropophilic, frequently itches several times before completing oogenesis and proliferates in close proximity to humans. The vertical transmission (transovarial transmission) [7, 8] of the dengue virus has been demonstrated in the laboratory, but almost never in the field. The importance of vertical transmission for virus maintenance is not well understood. Several factors can influence the dynamics of virus transmission, including environmental and climatic factors, interactions between hosts, pathogens, and immunological factors of the population. The climate directly influences the biology of vectors and for that reason, their abundance and distribution; consequently it is a determining factor in the epidemic of diseases transmitted by vectors [9, 10, 11, 12, 13, 14 ].
The model
The formulation of the model is framed in the following assumptions: (i) the human population is constant, (ii) symptomatic and asymptomatic human populations with different recovery rates are considered, the symptomatic population does not pass to the asymptomatic state or vice versa, (iii) an incidence with dispersion in the human population is taken into account, (iv) transmission of the virus to progeny is considered in the mosquito population Aedes aegypti, (v) Asymptomatic people can transmit the dengue virus to non-carrier mosquitoes, (vi) it is not considered demography in the host population.
The model considers the total population of people N (t) divided into the following subpopulations: x 1 (t) is the average number of people susceptible to a serotype of the dengue virus, x 2 (t) is the average number of people infected with a dengue serotype who have symptoms (symptomatic), x 3 (t) is the average number of people infected with a dengue serotype that have no symptoms (asymptomatic), x 4 (t) is the average number of people recovered immune to a dengue serotype at a time t respectively.
In the population of the vector, in this case the mosquito Aedes aegypti, the total population of mosquitoes Aedes aegypti M (t) is considered, which is divided into: y 1 (t) the average number of mosquitoes not carrying the dengue virus, y 2 (t) the average number of mosquitoes carrying dengue virus at a time t respectively.
.
The model presents the following parameters, f : fraction of people infected with the dengue virus who have symptoms, 1 − f : fraction of people infected with dengue that are asymptomatic, λ 1 (t): incidence in the human population, λ 2 (t): incidence in the population of mosquitoes by the symptomatic people, λ 3 (t): incidence in the population of mosquitoes by the asymptomatic people, a: biting rate, β: is the probability of transmission of dengue virus from the mosquito carrier to the human, σ: probability of transmission of the virus from infected people to the non-carrier mosquito, : mortality rate of mosquitoes by natural conditions, k: indicator of dispersion of the infection, following a negative binomial distribution [15, 16] , ρ: increase of the mosquito not carrier of the virus and φ: increase of the mosquito carrying the virus by vertical transmission.
with x 1 (0) = x 10 , x 2 (0) = x 20 , x 3 (0) = x 30 , x 4 (0) = x 40 , y 1 (0) = y 10 , y 2 (0) = y 20 (initial conditions); , φ, θ, ρ > 0, 0 < f < 1, 0 < β, 0 < σ, and forces of infection:
3 Basic reproduction number (R 0 )
The basic reproduction number in the epidemiological sense is defined as the average number of secondary cases that an infectious person can generate during the infectious period in a susceptible population [17, 18, 19] and mathematically, the R 0 is the radius spectral of a matrix, called the next generation, that is, the dominant eigenvalue of said matrix [17, 18, 19] :
where, G is the matrix of the next generation, ρ is the dominant eigenvalue and λ i are the eigenvalues. To find R 0 , we rewrite the system (1)-(6) taking into account that equation (4) is contained in the previous ones (1)-(3), so the system has the following form:
and in matrix form,
where
Deriving the vector functions Φ and Ω with respect to the state variables, we have
and evaluated at the infection-free equilibrium point, E 0 = (0, 0, φ , N, ρ ), we get the matrix
where,
Then the matrix of the next generation is the product of the matrices F and
Therefore, the characteristic equation of G is, |G − λI| = 0, where I is the identity matrix of order three, i.e.,
So the eigenvalues are λ 1 = 0 and
Then the spectral radius (dominant eigenvalue) is,
Simulations
The simulations are carried out in the Maple software with the values of the parameters indicated in figures 1 and 2. In Figure 1 , the behavior of the basic reproductive number dependent on the propagation parameter of mosquitoes carrying the virus for a range of k ∈ [0, 3].
The graphs in Figure 2 show that by increasing the level of aggregation of mosquitoes carrying the virus, the maximum value of symptomatic infected persons as asymptomatic decreases and the extinction of the virus is slower. There is also a greater impact on the asymptomatic population. Using the equation (17) , the epimagnetic threshold values R 0 are calculated for the three different values of k, determining that for the value of k smaller, R 0 < 1.
Conclusion
It is concluded from the study that modeling the force of the infection in the human population (host), considering the negative binomial distribution, the behavior of the symptomatic and asymptomatic populations over time indicates that a lower level of aggregation of mosquitoes carrying the virus generates a higher incidence of infection.
The numerical analysis shows that there is a higher incidence in the asymptomatic population, which makes dengue a silent infectious disease of great epidemiological impact due to the spread of severe dengue that may occur in regions of different serotypes of the virus. 
